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SorptionAbstract Chitosan-polyvinyl acetate (CHI-PVA) blends were prepared throughout copolymeriza-
tion reaction. Chitosan (CHI) as a hydrophilic molecule was added to modify the blend surface of
polyvinyl acetate (PVA). The sorption effects of CHI-PVA blends were studied in the presence of
binary feed mixture of methanol–water (MW). The obtained blends were investigated by Fourier
transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), microscopic analysis and con-
ductivity measurements to investigate the chemical structure, crystallinity, surface morphology
and electric property, respectively. Effect of water content on the swelling performance of
CHI-PVA blends based on (methanol/water) ratio was discussed. CHI-PVA complexes show high
swelling performance with 20% CHI based blends from 50% water content in methanol–water
mixture.
 2016 Egyptian Petroleum Research Institute. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Graft copolymerization of synthetic polymers with natural
biodegradable materials is of great interest due to their signif-
icant characterizations. The modification of synthetic poly-
mers can enhance their properties such as flexibility,
conductivity and sorption performance. Recently, one of the
natural biopolymers that play a great role in this field is chi-
tosan [1–3]. Chitosan (CHI) a cationic biodegradable polymer
was prepared by the partial alkaline N-deacetylation of chitin.
Chitin is a long-chain natural biopolymer of an N-acetylglucosamine, a derivative of glucose, found in the exoskeletons
of crustaceans and also in the cell walls of certain fungi and
algae [4–6]. Chitosan is one of the most common abundant
basic substances currently used in life. Compared with syn-
thetic polymers, chitosan has a very wide application range
due to its biodegradability, biocompatibility, toughness and
no toxicity [5,6]. Chitin is insoluble in many solvents, but chi-
tosan can be dissolved in acidic media and becomes a cationic
polymer due to the protonation effect of amino groups in its
structure. Chitosan is known as an excellent adsorbent poly-
mer for several purposes. The adsorbent mechanism of chi-
tosan is mainly revealed to the chelation interaction between
the primary amines of the chitosan along the backbone of
the polymer [4–6]. Along with these advantages, it also has
some pharmaceutical applications such as food protectives,
anti-microbial, anti-oxidant, anti-tumor, hydrogels andance in
2 A.S. Ismail et al.nanoparticles [7–10]. Because of its high hydrophilic perfor-
mance and good chemical resistance [11] it has acquired signif-
icant interest in membrane separation techniques like
pervaporation dehydration [12–18] and gas separation [19–
21]. Separation of alcoholic solvents such as methanol, etha-
nol, propanol and butanol from water is of vital importance
in organic synthesis. Compared with other separation methods
applied for this purpose, dehydration possesses high separa-
tion behavior and cheap technique [12]. For the separation
method, it is very important to prepare good hydrophilic
blends to realize high swelling degrees in aqueous media. For
enhancing the efficacy of cationic chitosan blends, several tech-
niques were used such as crosslinking [22–24] and polymer
blending [25–27]. Many polymeric blends were used for dehy-
dration of alcoholic solvents using polyvinyl alcohol,
polysiloxane imide, nylon, cellulose and chitosan [28–30]. Mis-
cibility of CHI with water will accelerates by breaking the
hydrogen bonding inside the matrix of blends. The reaction
mechanism and kinetics of the graft copolymerization of chi-
tosan onto polyvinyl acetate have been explained in a previous
paper [31]. In the current research, hydrophilic blends of CHI-
PVA were prepared through grafting copolymerization pro-
cess. These blends have ionic-rich structure which greatly
improves its sorption performances. CHI-PVA blends were
used to investigate the separation performance of binary feed
concentrations of methanol–water (MW) mixture.
2. Experimental
2.1. Materials
Chitosan (CHI) with an average molecular weight of about
110,000 and a degree of deacetylation of about 85% was pre-
pared locally through shrimp processing wastes [12,32]. Water
soluble synthetic polyvinyl acetate (PVA) resin solution withFigure 1 A Schematic diagram fo
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Egypt. All other reagents were of analytical grade and used
as received without further purification.
2.2. Preparation of CHI-PVA blend
Hydrophilic blends of chitosan-polyvinyl acetate (CHI-PVA)
were prepared throughout graft copolymerization reaction as
described in the Schematic diagram (Fig. 1) [12]. Prior to
use, a specific amount of chitosan (CHI) was dissolved com-
pletely into 200 ml of a 2% (w/w) acetic acid solution and then
stored until it became clear. A water-soluble synthetic polyvi-
nyl acetate (PVA) resin solution was used without further
purification. CHI solution was blended onto PVA solution
according to 10–90% mass fraction at quasi-steady rate under
continuous stirring. By adding CHI solution to the PVA emul-
sion ‘‘contains some additives act as a catalyst”, polymeriza-
tion was started and a dispersion solution of CHI-PVA
blend was obtained. As more CHI solution was added, the dif-
fusion rate increased with more crosslinking. Then the differ-
ent mass fraction solutions of CHI-PVA were poured, dried
and stored for further investigation. For simplicity,
CHI-PVA blends were cut as coupons in a dimension of
1  1  0.04 cm (W  H  D).
2.3. Characterization
Fourier transform infrared spectroscopic (FTIR) technique of
CHI, PVA and CHI-PVA blends were recorded on FTIR
Spectrophotometer (Model 960M000g; ATI Mattson Infinity
Series; USA). The spectra measurements of CHI, PVA and
CHI-PVA samples were employed in a range of
4000–400 cm1 with a scan resolution of 4 cm and scan rate
of 32 cm min1. X-ray diffraction (XRD) analysis of CHI,
PVA and CHI-PVA was carried out on X-ray diffractometerr preparing CHI-PVA blends.
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Rigaku Co., Japan). The X-ray measurements were employed
by a diffraction angle of 2h in a position range of 4–80 with a
scan size of 0.02 2h and scan step of 0.8 s. The surface mor-
phology of the modified and unmodified blends was observed
using Olympus Camedia digital camera C-5060 wide zoom. It
has a fast startup time of 3 s, short shutter release time lag of
0.4 s, three frames per second in HQ mode and 4 optical
zoom. DC conductivity values were measured by Keithley
instrument (Model 6517A 5‐1/2 digit Electrometer/High Resis-
tance Meter) all samples were measured using micrometer.
2.4. Swelling performance
Prior to use, dry CHI-PVA blends were weighted (Wi) then
immersed into a wide range of binary feed concentrations of
methanol–water (MW) mixture at room temperature for
48 h. After that the blends were then taken out from the alco-
hol–water mixture and weighted again (Wf). The swelling
degree (SD) was calculated using SD (%) = (Wf Wi)/
Wi  100.
3. Results and discussion
3.1. FTIR analysis
FTIR spectra of CHI, PVA and CHI-PVA are shown in Fig. 2,
respectively. In case of polyvinyl acetate (PVA) diagram, it can
be clearly seen that there is absence of any OH groups and
appears of strong absorption bands of C‚O and CAO groups
at 1727 cm1, 1370 cm1 and 1220 cm1, respectively, where
revealed to the existence of COOCH3 groups. Compared with
PVA, the chitosan (CHI) diagram shows common broad
absorption bands of OH and NH2 groups appeared at
3460 cm1 in the absence of C‚O group bands. From the dia-
gram spectra of CHI-PVA complex, it was observed that theFigure 2 FTIR spectra of CHI, PV
Please cite this article in press as: A.S. Ismail et al., Synthesis and characterization of
binary methanol–water mixture, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/strong absorption band of NH2 groups at 3450 cm
1 reduced
dramatically as a result of the complexation between CHI
and PVA. The ester group still appeared with common absorp-
tion peaks at 1725 cm1, 1369 cm1 and 1290 cm1, respec-
tively. Also there are two new absorption bands appearing
clearly at 2011 cm1 and 2165 cm1, indicating that there are
double or triple bond categories existing between C and N
throughout the blending process. This behavior due to some
NH2 groups on the CHI structure was protonated to the cor-
responding NH groups by the complexation with PVA. Based
on this manner, the variation between the band intensities may
refer to the crosslinking degree of CHI-PVA [12,33].
3.2. XRD analysis
Fig. 3 shows the XRD patterns of CHI, PVA and CHI-PVA,
respectively. There are significant peaks recorded at diffraction
angles of 10 for CHI and at 20 for both CHI and PVA, indi-
cating the partial crystallinity of CHI and PVA. This structure
of CHI is mainly described as the formation of partial crys-
talline phases through two types of hydrogen bonding. These
hydrogen bonds happened between NH2 groups and OH
groups and also between OH groups itself. However, the band
intensity at diffraction angles of 20 and 40 for CHI-PVA is
reduced, indicating the ionic crosslinking interactions between
CHI and PVA, breaking of hydrogen bonds and decreasing of
crystallinity. Consequently, it was shown that the signals of
NH2 groups disappeared after the ionic complexation which
restrict the chain mobility of both CHI and PVA, and hence
reduce the crystallinity of PVA [12].
3.3. Morphological analysis
Fig. 4a–c exhibits the optical microscopic images of different
ratios of CHI-PVA blends at room temperature. Microscopic
images obtained from pure PVA do not manifest any fractalA and CHI-PVA, respectively.
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Figure 3 XRD diagrams of CHI, PVA and CHI-PVA, respectively.
Figure 4 Optical microscopic images of different ratios of prepared CHI-PVA (a) 00–100%, (b) 50–50% and (c) 80–20%, respectively.
4 A.S. Ismail et al.structures (Fig. 4a), whereas those formed from the interaction
of CHI with PVA manifest appearance of small embedded
spots as shown in Fig. 4b. With the addition of CHI to PVA
chains, the embedded CHI has several branched structures as
observed clearly in CHI-PVA image (Fig. 4c) at room temper-
ature. Clear dispersal structures of CHI-PVA (Fig. 4c) may
relate to the chelate formation. The diffusion structure of
CHI-PVA image obtained at room temperatures may attribute
to the complex formation degree, the CHI concentration and
the period required for drying. The major formation mecha-
nism which detects the expansion of the morphological struc-
tures from CHI is based mainly on the concept of molecular
diffusion. There are several techniques used to characterize
the dimensions of CHI structures as function of concentration
such as box counting method [34].
3.4. Conductivity
Fig. 5 shows conductivity diagrams for CHI-PVA blends,
respectively. From the obtained results, it can be seen that con-
ductivity values of CHI-PVA samples raise with increasing
temperature, like the typical polyelectrolyte behavior, which
is mainly due to the ionization of NH2 groups ‘‘releasing ofPlease cite this article in press as: A.S. Ismail et al., Synthesis and characterization of
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are probably because the ionic crosslinking between CHI
and PVA is powerful and not cracked [12]. Moreover, the con-
ductivity measurements increase with elevating temperatures
which strongly confirm that blends were dissolved due to the
ionization of NH2 groups through the blending solution and
partial dissociation of the ionic complexation between CHI
and PVA. The variations of conductivity between the different
blends at the same conditions are probably due to the changing
of the ionic crosslinking degree [12].
3.5. Swelling performance
The swelling performance (Fig. 6) of different mass ratios of
CHI-PVA in methanol–water (MW) mixtures, respectively, is
mainly dependent on the blends hydrophilicity. Swelling
degree of CHI-PVA in MW mixture increased with increasing
water concentration followed by steady state at a higher water
content. It should be mentioned that the degree of swelling of
CHI-PVA in pure water was found higher than in pure alco-
hol. Flexibility of CHI-PVA increased gradually with increas-
ing water content which develops more interactions with
blends than alcohol. This behavior is due to the molecules inhydrophilic chitosan-polyvinyl acetate blends and their sorption performance in
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Figure 6 Swelling degree of different ratios of CHI-PVA in
methanol–water mixture for 48 h at room temperature.
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lowed by diffusion of solvent molecules into the bulk [12].
However, the degree of swelling in pure alcohol is too low
but when a small amount of water exists in alcohol, water
molecules accelerate the relaxation of CHI-PVA which have
hydrophilic polar groups. This is the main reason for the high
swelling degree of the blends in alcohol–water mixture to that
in pure alcohol. In general, the maximum change of swelling
degree in all methanol–water mixtures was observed in the
range of 50–70% at 20% CHI content. This result is attributed
to the combined influence of alcohol and water. Up to 50%
water content in MW mixtures, the permeation of alcohol
and water through the blends at a compatible rate. After that,
as water content in feed is the major, the swelling degree
increased slightly. The swollen blends reduce the resistance
to permeation due to the maximum relaxation of the hydrophi-
lic blends. As the swelling of blends increases with increasing
water ratio, more alcohol molecules are permeating together
with water molecules due to the sorption coupling process [35].
4. Conclusion
Different ratios of hydrophilic CHI-PVA complexes were pre-
pared through blending process. FTIR and XRD spectra show
composition and crystallinity of the CHI-PVA blend which
reduced greatly due to the crosslinking chains between CHIPlease cite this article in press as: A.S. Ismail et al., Synthesis and characterization of
binary methanol–water mixture, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/and PVA. The difference between the diffusion structures of
CHI-PVA images obtained at room temperatures may attri-
bute to the complex formation, the CHI content and the dry-
ing period. Conductivity values of blend decrease with
increasing temperature which strongly confirms that blends
were dissolved due to the ionization of NH2 groups through
the blending solution and partial dissociation of the ionic
complexation between CHI and PVA. Swelling degree of
CHI-PVA blends in methanol–water mixtures increased grad-
ually with increasing water content in feed.Acknowledgement
Financially support from the Egyptian Petroleum Research
Institute (EPRI) is greatly appreciated.
References
[1] P. Lv, Y. Bin, Y. Li, R. Chen, X. Wang, B. Zhao, Polymer 50
(2009) 5675–5680.
[2] W. Pasanphan, T. Rattanawongwiboon, P. Rimdusit, T.
Piroonpan, Rad. Phys. Chem. 94 (2014) 199–204.
[3] M.P. Pe´rez-Calixto, A. Ortega, L. Garcia-Uriostegui, G. Burillo,
Rad. Phys. Chem. 119 (2016) 228–235.
[4] G. Fradet, S. Brister, D.S. Mulder, J. Lough, B.L. Averbach,
Chitin in nature and technology, in: R. Muzzarelli, C. Jeuniaux,
G.W. Gooday (Eds.), Plenum Press, New York, 1986, pp.
443–451.
[5] H. Struszczyk, D. Wawro, A. Niekraszewicz, Advances in chitin
and chitosan, in: C.J. Brine, P.A. Sandford, J.P. Zikakis (Eds.),
Elsevier Applied Science, London, 1991, p. 580.
[6] R. Marguerite, Prog. Polym. Sci. 3 (2006) 603–632.
[7] Y. Okamoto, Carbohydr. Polym. 49 (2002) 249–252.
[8] M.N. Kumar, R.A.A. Muzzarelli, C. Muzzarelli, H. Sashiwa, A.
J. Domb, Chitosan chemistry and pharmaceutical perspectives,
Chem. Rev. 12 (2004) 6017–6084.
[9] S.S. Davis, Vaccine 24S2 (2006) 7–10.
[10] I. Uzun, Dyes Pigm. 70 (2006) 76–83.
[11] C. Clasen, T. Wilhelms, W.M. Kulicke, Biomacromolecules 7
(2006) 3210–3222.
[12] A.S. Ismail, J. Sci. Eng. Technol. 3 (5) (2015) 1344–1351.
[13] Y.L. Liu, C.H. Yu, L.C. Ma, G.C. Lin, H.A. Tsai, J.Y. Lai, J.
Membr. Sci. 311 (2008) 243–250.hydrophilic chitosan-polyvinyl acetate blends and their sorption performance in
j.ejpe.2016.02.006
6 A.S. Ismail et al.[14] H.A. Tsai, W.H. Chen, C.Y. Kuo, K.R. Lee, J.Y. Lai, J.
Membr. Sci. 309 (2008) 146–155.
[15] P.S. Rao, S. Sridhar, M.Y. Wey, A. Krishnaiah, Ind. Eng.
Chem. Res. 46 (2007) 2155–2163.
[16] A.A. Kittur, S.S. Kulkarni, M.I. Aralaguppi, M.Y.
Kariduranganavar, J. Membr. Sci. 247 (2005) 75–86.
[17] R. Jiraratananon, A. Chanachai, R.Y.M. Huang, D. Uttapap, J.
Membr. Sci. 195 (2002) 143–151.
[18] W.Y. Won, F.X. Feng, D. Lawless, J. Membr. Sci. 209 (2002)
493–508.
[19] L. Liu, A. Chakma, X.S. Feng, J. Membr. Sci. 310 (2008) 66–75.
[20] L.A. El-Azzami, E.A. Grulke, J. Membr. Sci. 323 (2008)
225–234.
[21] S.D. Xiao, X.S. Feng, R.Y.M. Huang, J. Membr. Sci. 310 (2007)
36–46.
[22] S.K. Choudhari, A.A. Kittur, S.S. Kulkarni, M.Y.
Kariduraganavar, J. Membr. Sci. 302 (2007) 197–206.
[23] D.A. Devi, B. Smitha, S. Sridhar, T.M. Aminabhavi, J. Membr.
Sci. 280 (2006) 45–53.
[24] W. Zhang, G.W. Li, Y.J. Fang, X.P. Wang, J. Membr. Sci. 295
(2007) 130–138.
[25] A.S. Ariyaskul, R.Y.M. Huang, P.L. Douglas, R. Pal, X. Feng,
P. Chen, L. Liu, J. Membr. Sci. 280 (2006) 815–823.Please cite this article in press as: A.S. Ismail et al., Synthesis and characterization of
binary methanol–water mixture, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/[26] R.S. Veerapur, K.B. Gudasi, T.M. Aminabhavi, J. Membr. Sci.
304 (2007) 102–111.
[27] D.A. Devi, B. Smitha, S. Sridhar, T.M. Aminabhavi, J. Membr.
Sci. 304 (280) (2006) 45–53.
[28] Y.L. Liu, Y.H. Su, K.R. Lee, J.Y. Lai, J. Membr. Sci. 251 (2005)
233–238.
[29] P.D. Chapman, T. Oliveira, A.G. Livingston, K. Li, J. Membr.
Sci. 318 (2008) 5–37.
[30] V. Dubey, L.K. Pandey, C. Saxena, J. Membr. Sci. 251 (2005)
131–136.
[31] T.-M. Don, C.-F. King, W.-Y. Chiu, Polymer J. 34 (6) (2002)
418–425.
[32] P. Methacanon, M. Prasitsilp, T. Pothsree, J. Pattaraarchachai,
Carbohydr. Polym. 52 (2003) 119–123.
[33] J.S. Maciel, D.A. Silva, H.C.B. Paula, R.C.M. Paula, Eur.
Polym. J. 41 (2005) 2726–2733.
[34] N.C. de Souza, J.R. Silva, C.A. Rodrigues, L.D.F. Costa, J.A.
Giacometti, O.N. Oliveira Jr., Thin Solid Films 428 (2003)
232–236.
[35] S. Das, S. Sarkar, P. Basak, B. Adhikari, J. Sci. Indus. Res. 67
(2008) 219–227.hydrophilic chitosan-polyvinyl acetate blends and their sorption performance in
j.ejpe.2016.02.006
